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Abstract
Background: Early childhood is a critical time for establishing physical activity and sedentary behaviours.
Identifying modifiable predictors of physical activity and sedentary behaviours in the early life stages can inform the
development of early intervention programs. The aim of this study was to identify modifiable predictors of outdoor
play (a proxy of physical activity) and screen-time in 2- to 5-year-olds.
Methods: A longitudinal data analysis was conducted using 5-year follow-up data from the Healthy Beginnings
Trial undertaken in Sydney, Australia from 2007 to 2013. A total of 667 pregnant women were recruited for the
study. Information on mothers’ demographics, physical activity, screen-time, knowledge of child development, and
awareness of childhood obesity during pregnancy (at baseline); children’s tummy time (a colloquial term describing
the time when a baby is placed on his or her stomach while awake and supervised) at 6 months old and screen-time
at 1 year old was collected via interviews with participating mothers as potential modifiable predictors. Main outcomes
were children’s outdoor playtime and screen-time at ages 2, 3.5, and 5 years. Mixed linear and logistic regression
models were built to determine these modifiable predictors.
Results: Mothers’ screen-time during pregnancy (β = 2.1, 95 % CI 0.17–4.12; P = 0.030) and children’s daily screen-time
at age 1 year (β = 15.2, 95 % CI 7.28–23.11; P < 0.0001) predicted children’s daily screen-time across ages 2 to 5 years
after controlling for confounding factors. Practising tummy time daily (β = 13.4, 95 % CI 1.26–25.52; P = 0.030), mother’s
physical activity level (β = 3.9, 95 % CI 0.46–7.28; P = 0.026), and having been informed about playing with child at
baseline (β = 11.6, 95 % CI 1.56–21.54; P = 0.023) predicted children’s outdoor playtime across ages 2 to 5 years.
Conclusions: Mothers played an important role in their children’s outdoor play and screen-time in the first years of
live. Children’s early exposure to screen devices could be associated with their later screen-time. Early interventions to
improve young children’s physical activity and sedentary behaviour should focus on improving pregnant women’s
physical activity, awareness of playing with their child, reducing their own screen-time as well as practicing daily
tummy time for infants after giving birth.
Trial registration: The Healthy Beginnings Trial is registered with the Australian Clinical Trial Registry
(ACTRNO12607000168459). Registered 13 March 2007. Prospectively registered.
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Background
Physical activity and sedentary behaviours of young chil-
dren have been gaining public health attention with in-
creasing early onset and high prevalence of childhood
overweight and obesity [1, 2]. Indeed, recommendations
for how long children should spend in physical activity
and sedentary behaviours each day have been developed
in many countries to guide parents and carers of young
children. The National Association for Sport and Physical
Education in the U.S.A recommends that 3- to 5-year-olds
should accumulate at least 60 min daily of structured
physical activity; engage in at least 60 min daily unstruc-
tured physical activity; and should not be sedentary for
more than 60 min at a time except when sleeping [3]. In
Australia, the Department of Health recommends that 2-
to 5-year-olds should be physically active for at least 3 h
per day (accumulated throughout the day including light-,
moderate-, and vigorous-intensity physical activity); spend
less than one hour per day watching television and using
other electronic media; and not be sedentary, restrained,
or kept inactive for more than one hour at a time with the
exception of sleeping [4]. The United Kingdom and
Canada endorsed similar guidelines of physical activity
and sedentary behaviour for young children [5–7].
Many people believe that young children are naturally
physically active [8]. However, many 3- to 5-year-olds
are not as physically active as they need to be for good
health, with one-in-twenty and less than one-in-seven
Australian preschool children meeting physical activity
and screen-time recommendations respectively [9]. Pre-
vious systematic reviews examining objectively measured
physical activity within child-care centers also concluded
that physical activity levels of preschool children are typ-
ically very low and levels of sedentary behaviour are high
[10, 11]. Ensuring adequate physical activity and pre-
venting excessive sedentary behaviour, in particular,
screen-time, not only provides benefits for weight con-
trol in children but also benefits their physical develop-
ment and psychological well-being [12–14]. Therefore,
interventions in improving children’s physical activity
behavior during their early years will be important in
preventing childhood overweight and obesity and im-
proving children’s well-being [15].
In recent years, several systematic reviews have summa-
rized the factors associated with physical activity and sed-
entary behaviours in young children [16–19]. Most studies
included in systematic reviews were cross-sectional stud-
ies and identified correlates of physical activity and seden-
tary behaviours, many of which are not modifiable, such
as children’s sex, age, ethnicity, socioeconomic status.
Longitudinal studies that examine predictors of physical
activity and sedentary behaviours in young children are
scarce. Although identifying demographic and socioeco-
nomic factors that are associated with physical activity
and sedentary behaviours are important for targeted
population interventions, identifying modifiable predictors
can lead to more effective interventions. Among young
children, physical activity occurs predominantly during ac-
tive play. Outdoor playtime is often used as a proxy of
physical activity of young children [20]. Therefore, the
present study aimed to determine modifiable factors in




A longitudinal data analysis was conducted using data
extracted from the Healthy Beginning Trial (HBT), which
was a 5-year randomised controlled trial undertaken in
south-western Sydney, Australia, during 2007–2013. The
details of the research protocol and the main outcomes of
the HBT have been reported elsewhere [21, 22]. Briefly,
the HBT assess the effectiveness of a staged home based
early intervention in reducing early childhood obesity.
The intervention comprises eight home visits from a spe-
cially trained community nurse promoting healthy feeding
and physical activity. The intervention started from the
gestation age of 30–36 weeks to children reaching 2 years
old. Five-year follow up data were obtained from mothers
at the late pregnancy to children’s ages at 6 months, 1, 2,
3.5, and 5 years old. The study was approved by the Ethics
Review Committee of Sydney South West Area Health
Service (Royal Prince Alfred Hospital Zone, X10-0312 &
HREC/10/RPAH/546). Since the HBT was a randomised
controlled trial the group allocation (intervention or con-
trol) was taken into account in the data analysis.
Study participants
A total of 667 first-time mothers at 24–34 weeks of preg-
nancy were recruited from antenatal clinics at Liverpool
and Campbelltown Hospitals, located in south-western
Sydney, Australia. The analysis included 497, 415, and 369
mother-child dyads that were retained at ages 2, 3.5, and
5 years.
Data collection and measures
Face-to-face interviews with each mother at their home
were conducted by trained research nurses at baseline
(30 to 36 weeks of pregnancy), 1, 2, 3.5, and 5 years fol-
low-up. A telephone survey was conducted when each
child was 6 months old. Potential modifiable predictors
were assessed at baseline, 6 months, and 1 year follow-up.
Children’s outdoor play and screen-time
Children’s outdoor playtime was measured at ages 2, 3.5,
and 5 years. To assess outdoor playtime, the mother was
asked how much time her child spent playing outdoors
on a typical weekday and on a typical weekend day with
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validated survey questions [20]. The mean outdoor play-
time per day was calculated as (hours/weekday × 5 + hours/
weekend day × 2)/7. Outdoor playtime was then cate-
gorised into ‘<2 h/day’ and ‘≥2 h/day’ (based on the median
outdoor playtime around 2.3 h/day).
Children’s screen-time was measured at ages 1, 2, 3.5,
and 5 years. Survey questions from a national-wide study
called Growing Up in Australia: The Longitudinal Study
of Australian Children were used to assess screen-time
[23]. The mother was asked to provide the total time her
child spent on each of the activities including (i) watch-
ing TV programmes; (ii) watching DVDs or videos; (iii)
using a computer; and (iv) playing with an electronic
game system from Monday to Friday and also on week-
ends [23]. Screen-time was summed and the mean
screen-time (hours per day) was calculated. Screen-time
was then categorised into ‘<1 h/day’ and ‘≥1 h/day’ based
on the screen-time recommendation for children aged
2–5 years [4]. For full-time employed mothers, they were
asked to estimate their child’s outdoor playtime and
screen-time based on the time when they were with the
child.
Mothers’ physical activity and screen-time
Questions from the Active Australia Survey questionnaire
2003 [24] were used to assess mothers physical activity
level before pregnancy, at 2, 3.5, and 5 years follow-up.
Mother’s total physical activity time was calculated as
hours per day and further categorised into ‘<150 min/
week’ and ‘≥150 min/week’ based on the recommendation
of physical activity for adults [25].
Mother’s screen-time was assessed by a question ‘Cur-
rently, on average, how many hours per day or per week
do you spend sitting watching TV, videos, DVDs, playing
computer or video games, or surfing the Internet for
pleasure?’ It was reported by mothers at baseline, 2, 3.5
and 5 years. Screen-time was calculated as hours per
day. Baseline screen-time was further categorised as
‘<3 h/day’ and ‘≥3 h/day’ based on the mean value of
3.1 h/day from the study participants at baseline.
Mothers’ knowledge and awareness
Mothers’ knowledge of child development at baseline
was assessed by three questions including 1) How in-
formed do you feel about child development e.g. age a
child typically crawls, walks, runs? 2) How informed do
you feel about playing with children? 3) How able do
you feel you are to give your child activities that will
keep them occupied while you are doing other things?
The response was chosen from a 4-point Likert-type
scale (very informed/able, somewhat informed/able, a
little informed/able, and not at all informed/able). The
responses were categorized into ‘yes’ or ‘no’, with ‘yes’
referring to ‘very informed/able’.
Mothers’ awareness of childhood obesity at baseline
was assessed by a question ‘How worried should adults
be about their children being overweight or obese?’ The
response was chosen from a 4-point Likert-type scale
(Extremely worried, Very worried, A little worried, Not
at all worried). The responses were categorized into ‘yes’
or ‘no’, with ‘yes’ referring to ‘Extremely/very worried’.
Tummy time and playgroup
Children’s tummy time is when a baby is placed on his
or her stomach while awake and supervised. Children’s
tummy time frequency and starting time were reported
by mothers when children were 6 months old. Tummy
time frequency was assessed by a question ‘How often
does your child spend time on their tummy when they
are awake?’ [26] Response options were ‘Not at all’, ‘1–
2 days a week’, ‘3–4 days a week’, ‘5–6 days a week’, ‘Daily’.
The responses were categorized into ‘daily’ and ‘not
daily’. Age of starting tummy time was assessed by a
question ‘At what age did your child start spending time
on [his/her] tummy when [he/she] was awake?’ It was
calculated as days of age and then categorised into
within or after 1 month (30 days) of birth according to
the mean starting tummy time 30 days.
Attendance of childhood program or activity was mea-
sured at age 1 year by a question ‘Does your baby cur-
rently attend any play group or other early childhood
program or activity?’ The responses were ‘yes’ or ‘no’.
Mothers’ demographics
Mothers’ demographic and socioeconomic information
were collected at baseline, 1, 2, 3.5, and 5 years using
questions from the NSW Child Health Survey 2001 [26].
All mothers’ demographic and socioeconomic informa-
tion were categorized into groups (see Table 1).
Other covariates
Children’s night sleep duration, child-care/school attend-
ance, TV time and programme viewing rules, whether
TV is on all the time and during meals were measured
at ages 2, 3.5 and 5 years.
Children’s night sleep duration (hours per night) was
measured using questionnaire items from the Prevention
of Overweight in Infancy study developed from the con-
sensus opinion of the researchers [27]. Child-care/school
attendance was measured using questions from the state
population health survey [26], the mother was asked “Is
your child currently having any type of formal or infor-
mal child-care on a regular basis?” and “Does your child
attend school yet?” Response options were “yes” or “no”.
To assess TV rules for children, the mother was asked
‘Are there rules about what TV programmes your child
can watch?’ and ‘Are there rules about how many hours
of TV your child can watch?’ The mother was also asked
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‘How often is a TV on when no one is watching?’ and
‘How often is a TV on during meals?’ Response options
were ‘always’, ‘often’, ‘sometimes’, ‘rarely’ or ‘never’ [23].
The responses were regrouped as ‘yes’ or ‘no’ with ‘yes’
referring to ‘always’, ‘often’ or ‘sometimes’.
Data analysis
Statistical analyses were carried out using Stata 13 [28].
Mean and standard deviation or number and percentage
were reported to summarise children’s outdoor play and
screen-time, mothers’ demographics and other study fac-
tors. Children’s outdoor play and screen-time were analysed
as both continuous and binary outcome variables.
Considering the longitudinal design, random-intercept
mixed models were built to take into account correlations
between repeated measures. Also by building mixed
models, to some extent, missing data can be implicitly im-
puted. Therefore, participants with partial missing data
were still able to contribute information. Since children’s
outdoor playtime and screen-time were included as both
continuous and dichotomous outcomes, mixed linear and
logistic models were built respectively. In order to exam-
ine whether predictors varied on weekday and weekend
day, also overcome the limitation that working mothers
and mothers whose children attending child-care might
underestimated or overestimate children’s outdoor play
and screen-time on weekday, mixed models were built for
outdoor play or screen-time on weekdays, weekend days,
and overall daily respectively.
Two steps were taken to identify predictors of outdoor
play and screen-time. First, the relationship between
each potential predictor or confounder (such as demo-
graphics, correlates etc.) and children’s outdoor playtime
and screen-time was examined by including each poten-
tial predictor or confounder in a mixed linear or logistic
model that adjusted for time and quadratic slopes for
time. The reason for including quadratic slopes for time
was to improve model fit. Second, all variables signifi-
cant in the first analysis with P < 0.25 were entered into
a multivariable mixed model. All multiple mixed models
were adjusted for allocation of intervention to control
the intervention effect, time and quadratic slopes for
time. The least significant variables were progressively
dropped until only those with P < 0.05 remained. Child-
care attendance, mothers’ employment status at 2, 3.5,
and 5 years, variables that significantly predicted outdoor
play and screen-time on either weekdays or weekend-days
were also remained in models. Subsequently, the variables
which were not included in the model were given an extra
chance to enter the final model one by one to see whether
they were predictors or confounders. Interaction between
time and the potential predictors and confounding factors
were also included in all models to test whether their ef-
fect varied across three time points. The interaction was
excluded from the final model if the interaction was not
statistically significant (P > 0.05). Visual inspection of re-
sidual plots did not reveal any obvious deviations from lin-
earity or normality, indicating that a random-intercept
mixed linear model was appropriate.
Results
There was no significant difference regarding mothers’
country of birth and children’s sex among mother-child
dyads that were retained at ages 2, 3.5, and 5 years.
Mothers lost-to-follow-up were typically young, unmar-
ried, lower educated, unemployed, and had lower
household income (see Table 1). The main study factors
are summarised in Table 2 and show that mothers’
mean screen-time was 3.12 (SD 2.48) hours per day with
Table 1 Baseline characters of mothers and children at baseline,
2, 3.5, and 5 years
Baseline demographics Baseline 2 years 3.5 years 5 years
n (%) n (%) n (%) n (%)
Mother’s age (years)a
16–24 279 (42) 185 (37) 140 (34) 117 (32)
25–29 226 (34) 176 (36) 153 (37) 139 (38)
≥ 30 162 (24) 136 (27) 122 (29) 113 (30)
Mother’s country of birth
Other 237 (36) 175 (35) 151 (36) 130 (35)




137 (21) 82 (16) 57 (14) 46 (12)
HSC to TAFE certificate
or diploma
364 (55) 280 (57) 234 (56) 208 (57)
University 163 (24) 133 (27) 123 (30) 114 (31)
Mother’s employment statusa
Employed 363 (54) 295 (59) 261 (63) 238 (65)
Other 303 (46) 201 (41) 153 (37) 131 (35)
Mother’s marital statusa
Married/partner 584 (88) 452 (91) 382 (92) 343 (93)
Other 81 (12) 45 (9) 33 (8) 26 (7)
Annual household income ($AUD)a
< 40,000 208 (31) 130 (26) 96 (23) 82 (22)
40,000–< 80,000 215 (32) 159 (32) 130 (31) 114 (31)
≥ 80,000 244 (37) 208 (42) 189 (46) 173 (47)
Child sex
Girls 333 (50) 249 (50) 202 (49) 183 (50)
Boys 330 (50) 248 (50) 213 (51) 186 (50)
Note: sample size is not always 667, 497, 415, and 369 at baseline, 2, 3.5, and
5 years due to missing values
aCompare to baseline distribution, the distribution of the baseline variable at
ages 3.5 and 5 years were significantly different
bCompare to baseline distribution, the distribution of the baseline variable at
ages 2, 3.5 and 5 years were significantly different
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nearly half of them having ≥3 h screen-time per day at
baseline. Mothers’ mean physical activity before preg-
nant was 1.16 (SD 1.44) hours per week with 71 %
mothers met physical activity recommendation. Most
children practiced tummy time daily (79 %) and started
tummy time (71 %) within 1 month of birth. The mean
children’s screen-time at 1 year was 0.64 h per day (SD
0.82) with 74 % children met screen-time recommenda-
tion. Study outcomes were summarised in Table 3.
Across ages 2 to 5 years, both children’s outdoor
playtime (from 2.28 to 2.64 h per day) and screen-time
(from 1.37 to 2.25 h per day) significantly increased.
Predictors of children’s outdoor play and screen-time
across ages 2 to 5 years
The group allocation was not significantly associated
with either children’s outdoor playtime or screen-time.
Results of multiple mixed linear models are shown in
Table 4. Mothers’ daily screen-time at baseline and chil-
dren’s daily screen-time at 1 year were positively associ-
ated with children’s screen-time across ages 2 to 5 years
after adjusting for time, time2, intervention allocation,
mothers’ country of birth, children’s night sleep duration,
child-care attendance, TV is on all the time, TV time
rules, mothers’ employment status and screen-time at 2,
3.5, and 5 years. Each one hour increase in mothers’
daily screen-time at baseline was associated with 2 min
more children’s daily screen-time (95 % CI 0.17–4.12)
and screen-time on a weekday (95 % CI 0.26–4.41). Each
one hour increase in children’s daily screen-time at 1 year
was associated with 15 min (95 % CI 6.21–22.90) and
18 min (95 % CI 6.40–28.83) more screen-time on a
weekday and weekend day respectively. Compared with
children whose mothers had less than 3 h screen-time
per day at baseline, children whose mothers had ≥3 h
daily screen-time at baseline had 12 min (95 % CI 1.93–
21.74) and 15 min (95 % CI 2.27–27.60) more screen-
time on a weekday and weekend day respectively.
Mothers’ physical activity level and being informed
about playing with children at baseline and children’s
tummy time frequency were positively associated with
children’s outdoor playtime across ages 2 to 5 years after
adjusting for time, time2, intervention allocation, child
sex, mothers’ country of birth and education status at
baseline, child-care attendance, mother’s employment
status, TV time rules, interaction of TV time rules and
Table 2 Main study factors
Mean (SD) n (%)
Baseline variables
Mother’s screen-time 3.12 (2.48)
< 3 h/day 347 (52)
≥ 3 h/day 318 (48)
Mother’s PA time 1.16 (1.44)
< 150 min/week 191 (29)
≥ 150 min/week 476 (71)
Informed about playing with child
No 336 (51)
Yes 329 (49)
Informed about child development
No 538 (81)
Yes 127 (19)
Able to give child activities to keep them occupied
No 332 (50)
Yes 333 (50)





After 1 month of birth 158 (29)
Within 1 month of birth 392 (71)
Tummy time frequency
Not daily 115 (21)
Daily 442 (79)
1 year variables
Child screen-time (hours/day) 0.64 (0.82)
≥ 1 h/day 93 (26)




Note: sample size is not always 667, 561, and 527at baseline, 6 months, and
1 year due to missing values
Table 3 Children’s screen-time and outdoor playtime at 2, 3.5,
and 5 years
Outcomes 2 years 3.5 years 5 years
n (%) n (%) n (%)
Child screen-time
≥ 1 h/day 310 (64) 378 (91) 333 (90)
< 1 h/day 175 (36) 37 (9) 36 (10)
Child outdoor playtime
< 2 h/day 181 (37) 135 (33) 120 (33)
≥ 2 h/day 305 (63) 379 (67) 246 (67)
Mean (SD) Mean (SD) Mean (SD)
Child screen-time (hours/day) 1.37 (1.02) 2.48 (1.49) 2.25 (1.27)
Child outdoor playtime
(hours/day)
2.28 (1.21) 2.48 (1.28) 2.64 (1.37)
Note: sample size is not always 497, 415, and 369 at 2, 3.5, and 5 years due to
missing values
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time at 2, 3.5 and 5 years. Each one hour increase in
mother’s physical activity time before pregnancy was as-
sociated with 6 min (95 % CI 2.06–11.04) more chil-
dren’s outdoor playtime on a weekend day and 4 min
(95 % CI 0.46–7.28) daily outdoor playtime. Children
whose mothers having been informed about playing with
children at baseline had 12 min (95 % CI 1.56–21.54)
more daily outdoor playtime and 15 min (95 % CI 1.75–
28.05) more outdoor playtime on a weekend day.
Children having tummy time daily had 13 (95 % CI
0.37–24.81) and 17 min (95 % CI 0.60–32.53) more out-
door playtime on a weekday and weekend day respect-
ively. Whether children started tummy time within one
month of birth was not associated with children’s out-
door playtime. Whether mothers met the physical activ-
ity recommendation and whether children attended play
group or other early childhood program were not associ-
ated with children’s outdoor playtime. Mothers’ know-
ledge of child development, belief of being able to give
child activities, and high awareness of childhood obesity
were not associated with either outdoor play or screen-
time.
When examining predictors of children meeting the
screen-time recommendation across ages 2 to 5 years,
only children’s daily screen-time at age 1 year was a sig-
nificant predictor. Children who had longer screen-time
at age 1 year were less likely to meet the screen-time
recommendation at ages 2 to 5 years with adjusted odds
ratio (AOR) 0.55 (95 % CI 0.34–0.90) for daily screen-
time recommendation after adjusting for potential con-
founders listed earlier.
Children whose mothers having been well informed
about playing with children at baseline were more likely
to play outdoor ≥ 2 h per day on a weekend day with
AOR 1.65 (95 % CI 1.06–2.55); children who started
tummy time within 1 month of birth were more likely to
play outdoor ≥ 2 h per day on a weekday with AOR 1.44
(95 % CI 1.00–2.08) after controlling for confounding
factors. Mothers’ physical activity time at baseline and
children’s tummy time frequency were not predictors of
whether children played outdoor ≥ 2 h per day.
Correlates of children’s outdoor play and screen-time
across ages 2 to 5 years
Multiple mixed linear models also showed that children
with Australia born and employed mother had around
16 min (95 % CI 6.2–25.8) and 14 min (95 % CI 5.0–
23.2) less screen-time per day; children who had longer
night sleep duration, attended child-care, and had TV
time rules had 6 min (95 % CI 1.6–10.2), 11 min (95 %
CI -0.6–22.5), 9 min (95 % CI 0.8–18.1) less screen-time
per day respectively; children whose mothers had lower
Table 4 Predictors of children’s screen-time and outdoor play time at 2, 3.5 and 5 years
Variables Children’s screen-time (minutes/day)a
Week day Weekend day Daily
β (95 % CI) β (95 % CI) β (95 % CI)
Mothers’ baseline screen-time (hours/day) 2.3 (0.26 to 4.41) 1.7 (-1.02 to 4.34) 2.1 (0.17 to 4.12)
Children’s screen-time at 1 year (hours/day) 14.6 (6.21 to 22.90) 17.6 (6.40 to 28.83) 15.2 (7.28 to 23.11)
Mothers’ baseline screen-time
< 3 h/day _ _ _
≥ 3 h/day 11.8 (1.93 to 21.74) 14.9 (2.27 to 27.60) 12.9 (3.43 to 22.3)
Children’s outdoor playtime (minutes/day)b
Mothers’ baseline PA (hours/day) 2.7 (-0.70 to 6.18) 6.5 (2.06 to 11.04) 3.9 (0.46 to 7.28)
Baseline informed about playing with children
No _ _ _
Yes 9.4 (-0.65 to 19.47) 14.9 (1.75 to 28.05) 11.6 (1.56 to 21.54)
Tummy time frequency
Not daily _ _ _
Daily 12.6 (0.37 to 24.81) 16.6 (0.60 to 32.53) 13.4 (1.26 to 25.52)
Mothers’ baseline PA
< 150 min/week _ _ _
≥ 150 min/week −0.8 (-11.78 to 10.13) 5.3 (-9.15 to 19.67) 0.37 (-10.53 to 11.28)
PA physical activity
aAll models are adjusted for time, time2, intervention allocation, mothers’ country of birth; children’s night sleep duration, child-care attendance, TV time rules, TV
is on all the time, mothers’ employment status and screen-time at 2, 3.5, and 5 years
bAll models are adjusted for time, time2, intervention allocation, child sex, mothers’ country of birth and education status at baseline; child-care attendance,
mothers’ employment status, TV time rules, interaction of TV time rules and time at 2, 3.5 and 5 years
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than mean screen-time (2 h per day) at 2, 3.5, and 5 years
had 19 min (95 % CI 10.2–27.6) less screen-time per
day; children from family that TV is on all the time and
TV is on during meals had 20 min (95 % CI 10.8–28.9)
and 23 min (95 % CI 14.5–31.2) more screen-time
per day.
Boys were more active than girls accumulating an add-
itional 16 min (95 % CI 5.6–25.3) more outdoor play-
time per day. Children whose mothers were Australian
born had 25 min (95 % CI 14.3–36.2) more outdoor
playtime per day. Children from families carrying TV
time rules had 22 min (95 % CI 8.8–35.5) more outdoor
playtime per day at age 2 years but not at ages 3.5 and
5 years.
Discussion
To our knowledge, this was the first study identifying
modifiable predictors of outdoor play and screen-time of
young children using 5-year longitudinal data. We found
that mothers’ own screen-time at baseline and children’s
daily screen-time at age 1 year predicted children’s daily,
weekday, and weekend day screen-time across ages 2 to
5 years; practising tummy time daily predicted children’s
daily, weekday, and weekend day outdoor playtime
across ages 2 to 5 years; mother’s baseline daily physical
activity time and having been well informed about play-
ing with children significantly predicted children’s daily
and weekend day outdoor playtime. Although the effect
sizes found in this study were relatively small, the find-
ings could potentially have public health significance at a
population level. The findings reinforce that mothers
own physical activity and screen-time behaviours are im-
portant to their children’s physical activity and screen-
time in the first 5 years of live; and children’s early ex-
posure to screen devices can lead to longer screen-time
at ages 2 to 5 years. The findings also suggested that
young children’s outdoor play and screen-time were in-
fluenced by different factors.
Mothers’ screen-time and the home screen environ-
ment (‘TV is on all the time’ and ‘TV is on during meal’)
at 2, 3.5 and 5 years were significantly associated with
children’s screen-time on both weekdays and weekend
days across ages 2 to 5 years after adjusting for mother’s
baseline screen-time and other confounders. We found
that the association between mothers’ and children’s
screen-time are comparable with the findings from pre-
vious systematic reviews [18, 19, 29] that mothers’
screen-time serves as both a predictor and correlate of
young children’s screen-time. This highlights the signifi-
cant impact of mothers’ own screen viewing behaviour
and practice on their children’s screen-time. Children
from families with TV time rules, Australia born mothers
and mothers who were employed had significantly less
screen-time on weekdays but not on weekend days. This
finding may indicate that independent of differences in
culture, employment status, and family rules, most
mothers would consider the weekend is time for
entertainment, and therefore, allow children more
screen-time.
Mothers’ pre-pregnancy physical activity level and be-
ing informed about playing with their child had a signifi-
cant impact on children’s outdoor play on weekend days
but not on weekdays. This may reflect families having
more free time on the weekend than weekdays and those
mothers tend to arrange more outdoor play for their
children or themselves as well.
The timing of when tummy time was introduced was
not significantly associated with children’s outdoor play
while practising tummy time daily were associated with
outdoor playtime on both weekdays and weekend days.
It might suggest that frequency of having tummy time is
more important in relation to young children’s physical
activity. Almost all existing studies about tummy time
focused on the relationship between tummy time and
developmental milestones in infant. A systematic review
found that infants who did tummy time when awake
achieved developmental milestones significantly earlier
than those who did not or who did limited tummy time
when awake in the first 6 months of life [30]. Two other
studies also found that tummy time is associated with
certain motor milestones achieved during early life [31,
32]. However, whether tummy time has a long term im-
pact on children’s physical activity has not been studied
yet. The findings from the present study suggested that
promoting tummy time during infancy may lead to in-
creased physical activity in young children. It might be
because mothers who practise tummy time earlier and
more frequently are more likely to support and encour-
age their children to play more actively.
Analogous with previous systematic reviews [16, 17],
the present study also found boys were more physically
active than girls. Children with Australia born mothers
played more time outdoors on both weekdays and week-
end days. These findings are also important because it
helps to develop interventions for targeted population.
Having TV time rules at ages 2, 3.5, and 5 years was as-
sociated with more children’s outdoor playtime at age
2 years but not at 3.5 and 5 years. The relationship be-
tween TV time rules and children’s outdoor playtime
needs to be further explored.
Mothers’ knowledge of child development, belief of
being able to provide child activities, and high awareness
of childhood obesity were not associated with outdoor
play and screen-time in 2- to 5-year-olds after adjusting
for confounding factors. It may suggest that intervention
should be more focused on improving mothers’ skills,
practice and own physical activity and sedentary behav-
iours not only knowledge.
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Several limitations of the study need to be considered
when interpreting the findings. First, children’s outdoor
play and screen-time was reported by mothers that may
be subject to recall bias. Also mothers who were
employed and those whose children attended child-
care might underestimate or overestimate children’s
outdoor play and screen-time on weekdays. In order to
remedy this limitation, mothers’ employment status
and children’s attendance of child-care at 2, 3.5 and
5 years were adjusted, and predictors of outdoor play
and screen-time were examined on weekdays and
weekend days separately. Second, some important fac-
tors were not included in analyses, such as the environ-
ment the children were in and mother-child interaction
in physical activity. The environment where the chil-
dren were in may influence the amount of outdoor play
and screen-time. However, the environmental variables
such as ‘park nearby’, or ‘type of accommodation a child
lived in’ were not consistently collected through the
5 year data collection. Therefore, they were not in-
cluded in analyses. Mother-child interaction in physical
activity might be an important factor that promotes
young children being physically active. Several previous
systematic reviews found that parent-child physical ac-
tivity interaction and parental encouragement of being
physically active were strongly associated with young
children’s physical activity level [16, 17, 33]. A recent
study showed that the time spent being physically ac-
tive with their mother at 9-months predicted children’s
physical activity at 19-months of age [34]. Third, the
study was conducted in South West Sydney, Australia,
an area with a relatively low socio-economic level
which could limit the generalizability of the study. In
addition, this study used data from the Healthy Begin-
nings trial which was not designed for this purpose and
potential bias could be introduced. To address this
limitation, we included the intervention allocation in
model building.
Conclusion
Young children’s screen-time was significantly influ-
enced by their mothers’ screen-time and parenting prac-
tice on screen viewing. Also early exposure to screen
devices could be associated with children’s later screen-
time. The early introduction and frequency of tummy
time, and informing mothers the importance of playing
with their young children could be foundations for chil-
dren’s future physical activity. Early interventions in im-
proving young children’s physical activity and screen-time
should focus on improving pregnant women’s physical ac-
tivity, awareness of the benefits of playing with their child,
reducing their own screen-time as well as providing their
children with regular periods of daily tummy time after
giving birth.
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